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© Pressure activated check valve. 



© A pressure activated check valve comprising a 
valve body defining an axial fluid flow passage be- 
tween inlet and outlet ports, a poppet valve assem- 
bly disposed in the passage for movement between 
an open position permitting two-way fluid flow 
through the passage and a closed position obstruct- 
ing fluid flow through the passage, a spring for 
normally biasing the poppet valve assembly to the 



open position, a fluid pressure port adapted for fluid 
communication with a selectively pressured fluid 
source for selectively moving the poppet valve as- 
sembly to the closed position in opposition to the 
spring and elements responsive to fluid pressure in 
the inlet port for permitting fluid flow from the inl t 
port to the outlet port when the poppet valve assem- 
bly is in the closed position. 
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© Pressure activated check valve. 

© A pressure activated check valve comprising a 
valve body defining an axial fluid flow passage be- 
tween inlet and outlet ports, a poppet valve assem- 
bly disposed in the passage for movement between 
an open position permitting two-way fluid flow 
through the passage and a closed position obstruct- 
ing fluid flow through the passage, a spring for 
normally biasing the poppet valve assembly to the 
open position, a fluid pressure port adapted for fluid 
communication with a selectively pressured fluid 
source for selectively moving the poppet valve as- 
sembly to the closed position in opposition to the 
spring and elements responsive to fluid pressure in 
the inlet port for permitting fluid flow from the inlet 
port to the outlet port when the poppet valve assem- 
C^bly is in the closed position. 
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PRESSURE ACTIVATED CHECK VALVE 



FIELD OF THE INVENTION 



The invention relates to a pressure activated 
check valve and more particularly to check valve 
that allows fluid flow in two directions when hydrau- 
lic pressure is turned off, and in only one direction 
when pressure is turned on. 



BACKGROUND OF THE INVENTION 



Conventional poppet type check valves include 
a poppet valve and a poppet spring housed within 
a valve body. The poppet spring exerts a force on 
the poppet valve in a first direction to seat the 
poppet valve and prevent fluid from flowing in the 
first direction. Fluid flowing into the valve in a 
second direction opposite the first direction exerts 
pressure on the poppet valve overcoming the force 
of the poppet spring and allowing fluid flow through 
the vaive body. 

Check valves, such as the one described 
above, are useful in airplane hydraulic systems for 
allowing hydraulic fluid to flow from hydraulic ac- 
tuators into a return line while at the same time 
preventing hydraulic fluid from flowing in the op- 
posite direction. 

A typical application of a check valve used in 
aircraft hydraulic systems is on the return port of a 
solenoid operated control valve, such as the control 
vaive for a weapons bay door actuator. The check 
vaive allows fluid from the actuator to flow into the 
return line, but prevents fluid in the return line from 
flowing back into the actuator when the control 
valve is turned off. This is primarily a safety feature 
preventing for example, an actuator leak from 
draining fluid from an entire hydraulic system. A 
solenoid control valve, when turned off, closes off 
the pressure line but allows return line fluid to flow 
in either direction. This provides pressure relief on 
the actuator and associated plumbing due to ther- 
mal expansion of the hydraulic fluid. 

In various actuation systems for an apparatus, 
it is necessary to operate the apparatus, such as 
actuators for weapons bay doors, while the hydrau- 
lic system is off. In a typical actuation system for 
bay doors, the actuators are arranged so that a 
slightly larger volume of fluid is required to open 
the door than is required to close the door. With 
this arrangement, the directional check valve as 
described would not allow the actuator to draw 
fluid, thus the actuator would be prevented from 
fully extending without drawing a vacuum. 



Installing a previously developed manually op- 
erated check valve would solve this problem, but 
would require complicated cable runs and pulleys 
to link the manual check valve to a manual release 
5 handle. 

The present invention comprises a check valve 
that is activated to the checked mode by pressure 
from the airplane hydraulic system. When the air- 
plane hydraulic system is turned off, the check 
w valve assumes an unchecked position allowing fluid 
to flow through the valve in either direction. 

U.S. Patent No. 4,738,282 discloses a zero 
linkage valve that assumes a checked position 
when a hydraulic system is turned off and assumes 
75 an unchecked position when a hydraulic system is 
turned on. This type of vaive fails to overcome the 
problems in the prior art since it is necessary to 
have a vaive that remains in an unchecked position 
when the hydraulic system is turned off. 
20 The present invention preferably provides a 

♦ pressure activated check valve that remains in a 
checked position when an airplane's hydraulic sys- 
tem is turned on, and remains in an unchecked 
position when an airplane's hydraulic system 
-25 turned off. The invention may also provide a check 
valve which may be deactivated without the need 
for complicated cable runs and pulleys linking the 
check valve to a manual release handle. 

30 

SUMMARY OF THE INVENTION 



In accordance with one aspect of the invention, 

35 there is provided a pressure activated check valve 
comprising a valve body defining an axial fluid flow 
passage between inlet and outlet ports, a poppet 
valve assembly disposed in the passage for move- 
ment between an open position permitting two-way 

ao fluid flow through the passage and a closed posi- 
tion obstructing fluid flow through the passage, 
means for normally biasing the poppet valve as- 
sembly to the open position, fluid pressure means 
for selectively moving the poppet valve assembly 

45 to the closed position in opposition to the biasing 
means, and means responsive to fluid pressure in 
the inlet port for permitting fluid flow from the inlet 
port to the outlet port when the poppet valve as- 
sembly is in the closed position. 

so In another aspect, the invention provides a 

hydraulic system having a hydraulic actuator man- 
ually manipulatable when the hydraulic pressure is 
turned off, the hydraulic system comprising a pres- 
sure line and a return line connected to the ac- 
tuator, a pressure activated check valve disposed 
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between the return line and the actuator, the check 
valve obstructing fluid flow from the return line to 
the actuator when the hydraulic pressure is turned 
on, and allowing fluid flow from the return line to 
the actuator when the hydraulic pressure is turned 
off. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, 
illustrate a presently preferred embodiment of the 
invention, and together with the general description 
given above and the detailed description of the 
preferred embodiment given below, serve to ex- 
plain the principles of the invention. 

Fig. 1 is a side view of a check valve incor- 
porating the teachings of the present invention. 

Fig. 2 is an end view of the check valve 
illustrated in Fig. 1. 

Fig. 3 is a cross-sectional view taken along 
line Ill-Ill of Fig. 2. 

Fig. 4 is a cross-sectional view taken along 
line Ill-ill of Fig. 2 illustrating fluid flow with the 
valve assembly in an opened position. 

Fig. 5 is a cross-sectional view taken along 
line Ill-Ill of Fig. 2 illustrating fluid flow through the 
valve when the valve assembly is in a checked 
position. 

Fig. 6 is a depiction of an airplane hydraulic 
system incorporating the check valve of the 
present invention. 



DESCRIPTION OF THE PREFERRED EMBODl- 
MENT 



Reference will now be made in detail to the 
present preferred embodiment of the invention as 
illustrated in the accompanying drawings. 

In accordance with the present invention there 
is provided a pressure activated check valve com- 
prising a valve body defining an axial fluid flow 
passage between inlet and outlet ports. As shown 
in Figures 1 and 3, check valve 1 1 includes valve 
body 10 having inlet port 12 at one end and outlet 
port 14 at the other end. Elongated central axis 16 
extends through fluid flow passage 18 at the core 
of valve body 10. Hydraulic line fittings 50 and 52 
are provided in inlet port 12 and outlet port 14, 
respectively. Valve body 10 includes external ele- 
ment 20 and internal element 22. Internal element 
22 fits into external element 20 at the inlet nd 12 
and includes tubular valve guide 40 axially xtend- 
ing into the center of flow passage 18. Valve guide 



40 includes annular valve seat surface 24 located 
proximate the inlet end 12. Circular cap 26 having 
circular opening 28 screws onto threaded portion 
30 of external element 20 to hold internal element 

s 22 within external element 20. Protruding end 23 of 
internal element 22 extends through circular open- 
ing 28 of cap 26. External element 20 is provided 
with a small safety ear 36 having circular bore 38 
located proximate to threaded portion 30. A safety 

io wire (not shown) extends through circular bore 38 
and elongated hole 34 provided in the edge 32 of 
cap 26. The safety wire prevents cap 26 from 
being inadvertently unscrewed from external le- 
ment 20. O-ring 42 is provided in circular ridge 44 

is of internal element 22 proximate to cap 26 to 
provide a leak-proof seal between internal element 
22 and external element 20. Internal element 22 
also includes vent bore 46 that extends from flow 
passage 18 into space 48 between valve guide 40 

20 and external element 20. Vent bore 46 serves to 
vent space 48 to prevent a vacuum from forming in 
that area* 

In accordance with the present invention, the 
check valve comprises a poppet valve assembly 

25 disposed in said passage for movement betwe n 
an open position permitting two-way fluid flow 
through said passage, and a closed position ob- 
structing fluid flow through said passage. As em- 
bodied herein, the poppet valve assembly includes 

30 poppet valve 54 movably disposed within two-piece 
piston 56. Two-piece piston 56 and poppet valve 
54 are both movable along central axis 16 within 
flow passage 18. Poppet spring 58 is interpos d 
between spring stop 60 of piston 56 and bias ridge 

35 63 of poppet valve 54. Poppet spring 58 serves to 
urge poppet valve 54 in the direction of inlet port 
12. 

In the open position depicted in Fig. 4, piston 
54 Is moved in a direction away from inlet port 12. 

40 In the open position fluid can freely flow through 
passage 18 in either direction via openings 62 in 
poppet valve 54. Piston 56 includes stop 57 to 
prevent poppet spring 58 from moving poppet 
head 64 into a contact position with annular valve 

45 seat surface "24. 

In the closed position depicted in Figure 5, 
piston 54 is moved towards inlet port 12. In the 
closed position, poppet head 64 is seated against 
annular valve seat surface 24 to form a flow ob- 

50 structing seal preventing fluid flow from outlet port 
14 towards inlet port 12. However, fluid flowing 
from inlet port 12 towards outlet port 14 exerts 
pressure on poppet head 64 to overcome the force 
of poppet spring 58 and allow uni-directional flow 

55 through the valve. (Uni-directional flow represented 
by arrows in Fig. 5). Poppet spring 58 is designed 
to allow poppet valve 54 to open in response to 
typical return pressure in inlet port 12. 
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Two-piece piston 56 is comprised of internal 
piston e! ment 66 and external piston element 68. 
Elements 66 and 68 are connect d proximate to 
inlet port 12 by a plurality of rivets 82. O-ring 70 is 
disposed between elements 66 and 68 to form a 
leak-proof seal. In addition, external piston element 
68 includes two annular ridges 72 and 74. Two T- 
rings 76 and 78 are disposed in ridges 72 and 74 
respectively to form a leak-proof seal between pis- 
ton 56 and external body element 20. Valve guide 
40 also includes annular ridge 78 and T-ring 80 for 
forming a leak-proof seal between valve guide 40 
and internal element 66 of piston 56. 

Also in accordance with the present invention, 
the check valve comprises means of normally bias- 
ing said poppet valve assembly to the open posi- 
tion. As embodied herein, biasing means com- 
prises piston spring 84 interposed between valve 
body internal element 22 and piston 56. As de- 
picted in Fig. 4, the force of piston spring 84 urges 
piston 56 to an open position allowing fluid to flow 
through the valve in both directions. 

In accordance with the present invention, the 
check valve comprises fluid pressure means for 
selectively moving said poppet valve assembly to 
said closed position in opposition to said biasing 
means. As embodied herein, fluid pressure means 
comprises pressure port 86 and piston pressure 
surface 88. Pressure port 86 provides flow commu- 
nication between pressure line 90 and piston pres- 
sure surface 88. When the airplane hydraulic sys- 
tem is on, pressure from pressure line 90 exerts a 
force on piston pressure surface 88 to overcome 
the force of piston spring 84. This causes the valve 
assembly to move to the closed position as de- 
picted in Rg. 5. 

Also, in accordance with the present invention, 
the check valve includes means responsive to fluid 
pressure in said inlet port for permitting fluid flow 
from said inlet port to said outlet port when said 
poppet valve assembly is in said closed position. 
As embodied herein, and as described earlier, 
means responsive to fluid pressure in said inlet 
port includes valve spring 58 and poppet head 64. 
As depicted in Rg. 5, when the valve assembly is 
in the closed position, pressure in inlet port 12 
exerts a force on poppet head 64 to overcome the 
force of valve spring 58 and allow fluid to flow from 
inlet port 12 to outlet port 14. 

Use of the check valve will now be described 
in connection with the hydraulic weapons bay door 
system depicted in Rg. 6. Hydraulic fluid from 
pressure line 104 of primary system 100 enters 
conventional 4-way 2 position solenoid valve 108 
through port 106. When solenoid valve 108 is in 
the off position, fluid from pressure line 104 is 
prevented from ent ring solenoid valve 108. When 
solenoid valve 108 is turned on, fluid passes 



through valve 108 and into line 110. Line 110 is 
connected to conventional dual shuttle valve 112. 
Ruid under pressure ntering shuttle valve 112 
causes valve member 114 to move against the 

5 force of shuttle spring 116 and allows fluid to flow 
through the valve into line 118. Line 118 is con- 
nected to conventional door actuator 112 and pres- 
sure activated door latch 130 through conventional 
directional flow control valve 120. Directional con- 

io trol valve 120 allows fluid flow in both directions 
but limits the rate of flow entering actuator 122 to 
prevent excessive actuator rate of travel. Fluid in 
line 118 flows into line 132 and door latch 130 to 
release door latch 130. Fluid entering upper cham- 

15 ber 123 of actuator 122 from line 118 exerts. a 
downward pressure on the upper surface 126 of 
actuator piston 128 to open weapons bay doors 
(not shown). Hydraulic fluid returning from lower 
chamber 127 of actuator 122 flows through line 

20 134, directional control valve 136, shuttle valve 112. 
line 138 and into solenoid valve 108. Solenoid 
valve 108 directs the fluid through conventional 
check valve 140 and into return line 146 via line 
142. Check valve 140 prevents fluid from flowing 

25 from return line 146 towards actuator 122. 

In the event that primary system 100 fails, 
shuttle valve member 114 under the bias of shuttle 
valve spring 116 remains in a position blocking line 
110 and to allow pressure to enter actuator 122 

30 from back-up system 102. Back-up system 102 is 
identical to primary system 100 except that con- 
ventional check valve 140 is replaced with pressure 
activated check valve 11. (Depicted in detail in 
Rgs. 1-5). When the airplane is running, hydraulic 

35 pressure in valve line 90 activates check valve 1 1 
causing it to function in the same manner as con- 
ventional check valve 140. However, when the air- 
plane is shut down and no pressure exists in valve 
line 90, check valve 1 1 permits flow in either direc- 

40 tion. 

It is sometimes necessary to open weapons 
bay doors when the airplane is shut down. In this 
situation, shuttle valve member 114 blocks line 110 
obstructing fluid communication between primary 

45 system 100 and actuator 122, and allowing fluid 
communication between back-up system 102 and 
actuator 122. A conventional check valve in back- 
up system 102 would prevent the doors from open- 
ing since it would not allow downwardly moving 

so piston 126 to draw fluid from return line 146 into 
upper chamber 123 of actuator 122. If fluid is 
unable to enter chamber 123 of actuator 122, pis- 
ton rod 150 would be unable to fully extend making 
it impossible to fully open the weapons bay doors. 

55 Pressure activated check valve 11 allows ac- 

tuator 128 to be manually manipulated when the 
airplane is shut down. All an operator need do is 
pull manual latch release handle 148 to release 
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door latch 130. Once latch 130 is released, the 
door will partially open due to gravity, then the 
operator can manually pull on the weapons bay 
door to fully extend actuator rod 150. Since no 
pressure exists in valve line 90, check valve 11 
remains in an unchecked position allowing fluid to 
be drawn from return line 146' into chamber 123 of 
actuator 122. Thus, the doors may be manually 
opened. 

Additional advantages and modifications will 
readily occur to those skilled in the art. The inven- 
tion in its broader aspects is, therefore, not limited 
to the specific details, representative apparatus and 
illustrative example shown and described. Accord- 
ingly, departures may be made from such details 
without departing from the spirit or scope of the 
general inventive concept as defined by the appen- 
ded claims and their equivalents. 



Claims 

1. A pressure activated check valve compris- 
ing: 

a valve body defining an axial fluid flow passage 

between inlet and outlet ports; 

a poppet valve assembly disposed in said passage 

for movement between an open position permitting 

two-way fluid flow through said passage and a 

closed position obstructing fluid flow through said 

passage; 

means for normally biasing said poppet valve as- 
sembly to the open position; 

fluid pressure means for selectively moving said 
poppet valve assembly to said closed position in 
opposition to said biasing means; and 
means responsive to fluid pressure in said inlet 
port for permitting fluid flow from said inlet port to 
said outlet port when said poppet valve assembly 
is in said closed position. 

2. The check valve of claim 1 wherein said 
poppet valve assembly comprises an annular pis- 
ton coaxially disposed in said passage for axial 
movement between said open and closed posi- 
tions, a valve member coaxially disposed in said 
piston for limited axial movement relative to said 
piston between first and second positions, and an 
annular valve seat integral with said valve body and 
projecting into said passage for sealing engage- 
ment with said valve member in said first position 
when said piston is in said closed position. 

3. A check valve of claims 1 or 2 wherein the 
biasing means includes a spring interposed be- 
tween said valve body and said piston to move 
said piston towards said open position. 

4. The check valve of claims 1 , 2 or 3 wherein 
the fluid pressure means includes a pressure port 
in said valve body adapted for fluid communication 
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with a selectively pressurized fluid source, said 
pressure port being disposed to communicate fluid 
pressure to said poppet valve assembly in opposi- 
tion to said biasing means to move said poppet 
5 valve assembly towards said closed position. 

5. The check valve of claim 2, wherein said 
permitting means includes a spring interposed be- 
tween said piston and said valve member biasing 
said valve member toward said first position, the 

io force of said spring being insufficient to resist fluid 
pressure in said inlet port permitting such fluid 
pressure to move said valve member relative to 
said piston to said second position spaced from 
said valve seat when said piston is in said closed 
75 position. 

6. A check valve as set form in claims 2 or 5. 
wherein said piston includes an interior element 
and an exterior element, said elements being con- 
nected by rivots. 

20 7. A pressure activated check valve compris- 

ing: 

a valve body defining an axial fluid flow passage 
between inlet and outlet ports and including a valve 
seat projecting into said passage between said 
25 ports; 

an annular piston coaxially disposed in said pas- 
sage for axial movement between open and closed 
positions; 

a valve member coaxially disposed in said piston 
30 for limited axial movement relative to said piston 
between first and second positions, said valve 
member in said first position sealingly engaging 
said valve seat to obstruct fluid flow through said 
passage when said piston is in said closed posi- 
35 tion; 

means for normally biasing said piston toward said 
open position; 

fluid pressure means for selectively moving said 
piston to said closed position in opposition to said 
40 biasing means; and 

spring means interposed between said piston and 
said valve member for normally biasing said valve 
member axially toward said first position and for 
permitting said valve member in response to fluid 
45 pressure in said inlet port to move relative to said* 
piston in said closed position to said second posi- 
tion spaced from said valve seat. 

8. The check valve of claim 7, wherein said 
biasing means includes a spring interposed be- 
so tween said valve body and said piston biasing said 

piston toward said open position wherein said valve 
member in said first position is spaced from said 
valve seat. 

9. The check valve of claims 7 or 8, wherein 
55 said fluid pressure means includes a pressure port 

in said valve body adapted for fluid communication 
with a selectively pressurized fluid source, said 
pressure port being disposed to communicate fluid 

5 
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pressure to said piston in opposition to said biasing 
means to bias said piston toward said ciosed posi- 
tion. 

10. A hydraulic system having a hydraulic ac- 
tuator manually manipulatable when the hydrauiic 5 
pressure is turned off, said hydraulic system com- 
prising: 

a pressure line and a return line connected to said 
actuator; 

a pressure activated check valve disposed between w 
said return line and said actuator, said check valve 
obstructing fluid flow from said return fine to said 
actuator when said hydraulic pressure is turned on, 
and allowing fluid flow from said return line to said 
actuator when said hydraulic pressure is turned off. 75 
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FIG. 4 




FIG. 5 
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